DEVELOPMENT OF SYNCHROTRON RADIATION FACILITIES
Throughout the world synchrotron radiation facilities are being built and operated as sources of ultraviolet and x-radiation for research in the basic and applied sciences [1] . The capacities of existing facilities are being strained by the ever increasing number of scientists using synchrotron radiation, and large new facilities are being planned in the United States, Europe, Japan, and elsewhere. Early work with synchrotron radiation was performed parasitically on synchrotrons and storage rings designed and operated for high energy physics. Over the last decade, new facilities designed specifically for synchrotron radiation research have been successfully constructed and operated. Examples are the NSLS and ALADIN in the United States, the SRS at Daresbury in England, BESSY in Germany, SUPERACO in France, and the PHOTON FACTORY in Japan. At the new dedicated facilities, advances in storage ring design together with improvements in beamline instrumentation have resulted in a significant increase in the quality of the radiation sources available to experimenters.
Of particular importance has been the increase of spectral brightness of the new sources. Brightness [2] is the proper figure of merit for experiments requiring photon beams with small angular divergence incident upon small samples, and in experiments utilizing spatially coherent radiation [3] . Spectral brightness is defined as the number of photons per unit source area, per unit solid angle, per unit bandwidth. In order to increase the brightness of the radiation sources in a storage ring, one must reduce the volume of phase space occupied by the electron beam. Accelerator physicists use the term "emittance" to refer to the area in horizontal or vertical phase space occupied by the electron beam. The condition for optimizing the luminosity for colliding beam experiments in high energy physics requires large horizontal emittance, whereas high brightness radiation sources result from small emittance. Using existing technology, it was possible to design low emittance storage rings dedicated to synchrotron *This work was performed under the auspices of the U.S. Department of Energy.
radiation research, with significantly higher brightness than the sources available on high energy physics machines. The benefits expected from providing higher brightness sources have been realized, e.g. reduction of deleterious effects due to aberrations in beamline optics, higher resolution, improved spatial coherence, and this has motivated the development of the next generation of synchrotron radiation sources, which are being designed to have even smaller electron beam emittances and, consequently, even higher brightness than the existing facilities.
Another important development leading to enhanced radiation sources has been the use of insertion devices [4], see Fig. 1 . Early work with synchrotron radiation was done exclusively using the radiation emitted from electrons bent in circular arcs in the dipole magnets of a storage ring. More recently, improved sources have been obtained by placing special magnets called "wigglers" in the straight sections (insertions) of the storage ring. These magnets produce along the electron trajectory a magnetic field alternating in polarity, causing the electron to wiggle transversely. If we assume the wiggler magnetic field to be approximately sinusoidal, then the resulting angular deviation of the electron trajectory can be written 
